Three batches of Penaeus monodon (total of 66 shrimp) were tested for the presence of WSBV by 2-step PCR, in situ hybridization and dot blot analysis using a nucleic acid probe. The results of in situ hybridization and 2-step PCR were consistent and used as the standard for comparison.
The significance of molecular based diagnostic tech niques to disease management in aquaculture is rapidly growing. Both nucleic acid probes (chemically labelled DNA fragments that hybridize to homologous target DNA) and polymerase chain reaction (amplification of selected DNA sequences) are powerful diagnostic tools for the identification of pathogens, and they provide rapid and accurate results in disease diagnosis (Lightner et al., 1992; Mialhe et al., 1992; Vivares and Guesdon, 1992) . In shrimp aquaculture, the white spot syndrome baculovirus (WSBV) which has been found in many shrimp species in Asian countries has had a significant negative impact on the shrimp farming industry by caus ing substantial production and economic losses Wang et al., 1995; Lightner, 1996) . Re cently, 2-step PCR and an in situ hybridization technique were developed to diagnose WSBV infection (Chang et al., 1996; Lo et al., 1996a) .
In Taiwan, most of the broodstock of Penaeus monodon for seed production are captured from the wild population in the coastal waters around southern Taiwan (Chen 1990 ). However, the prevalence of WSBV has been shown to be high in these wild brooders (Lo et al., 1997) , and once captured, even uninfected brooders are liable to be exposed to the virus. For example, it has now been shown that some of the wild decapods which are used as feed for the broodstock are also susceptible to WSBV infection (Lo et al., 1996b; Chang et al., 1998; Wang et al., 1998) . Although there is still no direct evidence that WSBV in broodstock can be vertically transmitted to their offspring from an infected ova, some WSBV-infected spawners do infact produce WSBVpositive larvae (Lo et al., 1997) . Screening to produce specific pathogen-free (SPF) broodstock is now one important strategy for viral dis ease control in shrimp aquaculture (Wyban et al., 1992) . For this to be practicable in commercial hatch ery farms, however, non-lethal, easier, more cost effec tive and more convenient diagnostic methods need to be developed and applied.
The two currently preferred methods of WSBV detection, in situ hybridization and 2-step PCR, are time-consuming and require access to standard histological laboratory equipment or a PCR machine (Thermal Cycler).
In the present study, a dot blot hybridization assay using either a tissue homoge nate or extracted DNA was compared with PCR and in situ hybridization with respect to both sensitivity and specificity, and an attempt was also made to develop of a quick dot blot hybridization method. Differences in cost, convenience and accuracy are also discussed. One-step PCR analysis for WSBV infection The oligonucleotide primers146F1and146R1 were used for 1-stepp amplification of a WSBV DNA frag ment (Lo et al.,1996b) . The DNA samples extracted from the pleopod, gill and eyestalk were used as tem plate DNA. The PCR amplification procedure was based on the method described by Lo et al. (1996b) 
Development of a quick dot blot protocol
In an attempt to simplify and shorten the dot blot analysis procedure, serially 10-fold diluted (10-3 to 10-7) 1 step WSBV positive PCR products were applied to Nylon-1 membranes and used in a battery of dot blot tests. The dot blot procedure described earlier was used as the positive control reference standard (Table 1 , column 1), while modifications to this standard proce dure are detailed in Table 1 , columns 2-14. Table 1 . Standard dot blot analysis (control; column 1) and other modified procedures (columns 2-14). The results at the foot of each column show the highest serial dilution that gives a positive results
Results
Dot blot analysis Figure 1 shows the typical results of dot blot using DNA (A) and tissue homogenate (B) with positive (P) and negative (N) controls. The dark purple dots (using DNA) or those with a dark purple ring around the dot (using tissue homogenate) are WSBV-positive (Fig. 1,  Nos. 1, 4 , 5, 6, 9, 11 and 12).
Detection of WSBV in shrimp from farm A
Of the ten shrimp sampled from farm A just after an outbreak of white spot disease, 6 shrimp showed clear evidence of white spot syndrome while 4 shrimp were asymptomatic. All the dot blot results using extracted DNA and tissue homogenate from the gill, pleopod and eyestalk were consistent with the results of both in situ hybridization and 2-step PCR analysis (Table 2) The number identify the shrimp from which each sample was taken. Detection of WSBV in shrimp from farm B The 11 shrimp sampled from farm B were collected shortly after this farm had reported the death of a few of its shrimp from white spot disease. Five of these 11 shrimp had white spot syndrome in a mild form, while the other 6 looked healthy. The results of 2-step PCR, in situ hybridization and dot blots using DNA or tissue homogenate were again consistent, with the exception of the following 2-step PCR positive (1-step negative) organs: dot blotting failed to detected WSBV in the extracted DNA and homogenized tissue of gill from shrimp No. 4; the dot blot tests on the pleopod of shrimp Table 3 .
Detection of WSBV in artificially infected P. monodon by 2-step PCR, in situ hybridization, and dot blot analysis using DNA or tissue homogenate
No. 5 were also both false negative; both the gill and pleopod of shrimp No. 9 also gave false negatives in both dot blot tests (Table2). Additionally dot blots using hemolymph failed to detect the presence of WSBV in shrimps Nos. 5 and 9 (Table2).
As with the samples from farm A, increasing development time affected only the intensity of the color reaction, not the positive/nega tive diagnosis (data not shown).
Detection of WSBV in artificially infected shrimp
The results of WSBV detection in experimentally infected shrimp were shown in Table 3 . At 20 h pi, dot blotting failed to detect the presence of WSBV in hemolymph of shrimp # 5 and none of the dot blots detected WSBV in shrimp # 6, although the gill was 2-step PCR positive and WSBV positive by in situ hybridization (Table 3) . At 45 h pi, results were con sistent except for shrimp # 1. Dot blotting failed to detect WSBV in the gill of this specimen, and dot blot ting using hemolymph was also negative (Table 3) . At 68 and 96 h pi, all diagnostic methods gave identical results. As before, development time (1, 2 or 4 h) did not affect diagnosis (data not shown). The 15 control shrimps that were tested at 0, 20, 45, 68 and 96 h were all diagnosed as WSBV-negative by all of the tests (data not shown).
Evaluation of the relative sensitivity and specificity of dot blot analysis in comparison with in situ hybridization A summary of the WSBV detection results for all 66 shrimp (including the 15 negative controls) is shown in Table 4 . Specificity was 100%, that is, dot blotting produced no false positives. The sensitivity was also high and reached 94% when the tested organ was the eyestalk. The predictive value of positive test results here (the probability of WSBV infection in an animal with a positive result) was 100%. The predictive value of negative test results (the probability that an animal does not have WSBV infection when the test result is negative) was about 83% (30/36)-94% (30/32) except for the pleopods, where the 45 samples from artificial infection test were not included.
The WSBV infection prevalence in this sample population was 54.5%.
Development of the quick dot blot analysis As Table 1 shows, with the exception of protocols 4 and 8, the modified experimental protocols were no less sensitive than the positive control (column 1). Under protocols 4 and 8, the intensity of the color reaction was weaker and the sensitivity was only about 1/10 of the positive control. This suggested that the dot blot analy sis procedure could be shortened and that only about four hours would be needed to finish a batch of samples.
Discussion
The early target organs of WSBV in P. monodon include the gill and cuticular epidermis (Chang et al. 1996) which explains why for any given shrimp, the WSBV prevalence in gill, pleopod and eyestalk was almost identical.
Often, as in the case of potential brooders, non-lethal testing is desired. Although the eyestalk, pleopod, and hemolymph (which also had a high prevalence of WSBV in the infected shrimp; see Tables 2, 3 & 4) are all possible candidates for use in dot blot analysis. In Taiwan, where eyestalk albation is commonly used to induce egg maturation in broodstock in hatchery farms (Chen 1990) , the ablated eyestalk (minus the compound eye) can conveniently be used to prepare the tissue homogenate.
This also avoids the additional stress to the shrimp that would result from the removal of a pleopod or the collection of hemolymph.
Results of using DNA and tissue homogenate for dot blotting in this study were identical, although the color reaction was more intense and the contrast was greater when extracted DNA was used. With tissue homoge- (Chang et al., 1996; Lo et al., 1996a 
